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Barcelona Supercomputing Center
Centro Nacional de Supercomputación

Spanish Government 60%

Catalonian Government    30%

Univ. Politècnica de Catalunya (UPC)      10%

BSC-CNS is
a consortium
that includes

BSC-CNS objectives

Supercomputing services
to Spanish and
EU researchers

R&D in Computer,
Life, Earth and

Engineering Sciences

PhD programme,
technology transfer,
public engagement



BSC’s Earth Sciences Department

Computational 
Earth Sciences

Climate 
Prediction

Atmospheric 
Composition

Earth  System 
Services

Environmental modelling and forecasting using process-based and 
artificial intelligence models, with a particular focus on weather, 

climate and air quality. This includes transferring solutions to support 
the main societal environmental challenges through data applications 

• ~120 people
• Funding from EC, Copernicus, private sector, 

ESA, Spanish and regional governments



Copernicus services at the BSC
The BSC is involved in the Copernicus services in two different ways: as 
a contractor that contributes to the development of the services and 

as a user for research and technology transfer.

• As contractor, contracts 
worth 4 Meuros.

• As user, data from the 
services employed in tens 
of European and national 
projects and several 
collaboration agreements 
with private companies.



Air quality forecasting at the BSC

CALIOPE system: air quality forecasts from regional to local scales

HERMESv3 emission modelMONARCH model

12km 4km 1km

Benavides et al. (2019 GMD)Pay et al. (2014 GMD)Baldasano et al. (2012 AE)Pay et al. (2011; 2012 AE) 

In-house model developments

A python-based, open source, parallel and multiscale emission 
modelling framework that processes and estimates gas and 
aerosol emissions for use in atmospheric chemistry models.

Guevara et al. (2019, 2020)

Multiscale Online Nonhydrostatic Atmosphere Chemistry model
• Multiscale: global to regional (up to 1km) scales allowed 
• Fully on-line coupling: weather-chemistry feedback processes allowed
• Enhancement with a data assimilation system and machine learning 

techniques

The dust module is known as 
NMMB/BSC-Dust



Global climate modelling
• Developers of a global high-resolution Earth system model with a high-resolution 

configuration (10 kms).

• The objective is to understand and predict global climate in time scales of one 
month to 100 years

• ...and how carbon fluxes will evolve (to inform future actions regarding the Paris 
Agreement)

• Explore the effectiveness of natural-based climate mitigation strategies, such as 
reforestation.



As a contractor



Participation in CAMS contracts

CAMS_50

Regional production

CAMS_81, CAMS_COP_066

Global and regional emissions

CAMS_84, CAMS_61
Global and regional a posteriori 

validation

CAMS_43, CAMS_61

Aerosol aspects and data assimilation

CAMS_95
AsSISt:  Aircraft Support & 

Maintenance Services

Development of a 
multiscale modeling and forecasting system

MONARCH, SDS-WAS, CALIOPE, ICAP

Development of top down and bottom up 
emission inventories and models

HERMES

Model data assimilation

LETKF DA system

Model Evaluation

BSC model evaluation tool and 
harmonisation of observational dataset

Development of user-oriented services for a variety 
of socio-economic sectors

InDust, DustClim, SOLWATT, AQ-WATCH



CAMS_50: Air quality regional forecasts

• NRT individual and ensemble 4-day forecasts
• NRT individual and ensemble analyses (DD-1)
• NRT validation and statistics products
• Reanalyses (2014-2017)

Inputs
Global products

Regional emissions
In situ observations

New operational models

New candidate models

7 operational AQ models



CAMS-81: Global and regional emissions
Objective: To provide gridded distributions of annual anthropogenic (global and
Europe) and natural emissions and deliver monthly, weekly and diurnal temporal
profiles to be combined with the global and regional anthropogenic CAMS emission
inventories for air quality modelling.

Fertilizers: 
influence of 

national crop 
calendars



CAMS COP_066
Objective: Development of time-, sector- and country-dependent European
emission reduction factors attributable to the COVID-19 lockdown, to quantify the
reduction of European emissions and to perform air quality modelling studies:

• Sectors covered: road transport, aviation, manufacturing industry, energy 
industry, residential and commercial combustion and shipping 

• Time period covered 21/02/2020 to 31/07/2020

• Gathering of evidence from a wide range of information sources, including 
measured activity data, proxy indicators and use of machine learning models

Road transport from Google mobility reports Aviation from EUROCONTROL statistics

Guevara et al. (2020 ACPD)



C3S_512: Evaluation and quality control
BSC leads the contract responsible of the development of the evaluation and 
quality control (EQC) function of the climate data store (CDS) of the Copernicus 
Climate Change Service (C3S) to:

• Provide a user-led overarching EQC service for the whole CDS

• Provide an independent quality assessment

• CDS datasets: provide information about the 
technical and scientific quality and fitness-for-
purpose, and an assessment of the datasets

• CDS toolbox: assessment of maturity and fitness for 
purpose of the software provided to explore the 
datasets

• CDS service: performance assessment of the CDS 
infrastructure (e.g. speed, responsiveness, system 
availability)

• CDS users: user requirement assessment to measure 
users’ satisfaction with the CDS. Map evolving user 
needs into viable user requirements to ensure a 
user-oriented evolution of the CDS



C3S_512: Evaluation and quality control



C3S_34c: Global decadal climate predictions
BSC, as one of the WMO recognised global producing centres of decadal predictions,
contributes with the definition of standards for decadal predictions data and products,
the evaluation of the European multi-model and the illustration of the decadal
prediction use in the agricultural sector (in collaboration with JRC-Ispra).



C3S_34c: Global decadal climate predictions

Wheat harvesting month

SPEI6 HMDI3

Indicators:
• Drought: Standardized Precipitation 

Evapotranspiration Index (SPEI6) 
• Heat Stress: Heat Magnitude Day Index 

(HMDI3)

BSC, as one of the WMO recognised global producing centres of decadal predictions,
contributes with the definition of standards for decadal predictions data and products,
the evaluation of the European multi-model and the illustration of the decadal
prediction use in the agricultural sector (in collaboration with JRC-Ispra).



CMEMS: Mixed precision and high resolution
Mixed precision in the NEMO ocean model may allow to achieve 1 SYPD with 3 km
global resolution on current architectures, but needs something close to exascale for
production. Up to x1.9 speedup on memory bandwidth bound configurations. NEMO
memory usage is not scaling though. Data is an issue: restarts of ~1 Tb.



As a user



Air quality: CAMS boundaries and emissions

CALIOPE system: air quality forecasts from regional to local scales

HERMESv3 emission modelMONARCH model

12km 4km 1km

Benavides et al. (2019 GMD)Pay et al. (2014 GMD)Baldasano et al. (2012 AE)Pay et al. (2011; 2012 AE) 

In-house model developments

A python-based, open source, parallel and multiscale emission 
modelling framework that processes and estimates gas and 
aerosol emissions for use in atmospheric chemistry models.

Guevara et al. (2019, 2020)

Multiscale Online Nonhydrostatic Atmosphere Chemistry model
• Multiscale: global to regional (up to 1km) scales allowed 
• Fully on-line coupling: weather-chemistry feedback processes allowed
• Enhancement with a data assimilation system and machine learning 

techniques

The dust module is known as 
NMMB/BSC-Dust



Publicly available (under registration) from http://s2s4e.eu/dst 

Climate service for the renewable energy sector based on C3S forecasts 
processed and displayed operationally for the industry using user 
engagement practices.

Prototypical services: energy services



Economic assessment: energy services
Final and power futures settlement prices in Germany and France 
for week 3 in 2017 during a severe cold spell period.

Orlov et al. (2020 Nature Energy)



Indicators: wine production services
In 2011 the Douro valley experienced mild temperatures during the 
whole grape growth cycle leading to a relatively late bud-break and a 
smooth, regular vegetative growth with hardly any disease pressure. 

Probability of the most likely tercile of 
growing season average temperature.

Start date 2011, C3S SEAS5, bias 
adjusted data.



Full chain: logistics services
Logistics and selling of seasonal products are heavily affected by climate
variability. The objective of the research agreement to shape the service is
twofold:

• Work with historical data (pool of business and ERA5 climate data) to 
understand how climate variability affects a range of decisions.

• Translate this knowledge into a prototype of action-oriented service based on 
CFSv2 for sub-seasonal time-scales and C3S SEAS5 for seasonal time-scales.

• Walk along the path towards climate adaptation across the jungle of climate 
data and information.



www.bsc.es


